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hotmaiAbstract Background: Stimulability refers to the child’s ability to produce a correct or improved
production of the erred sound given oral and visual modeling. Stimulability assessment is recom-
mended to be an integral part of the clinical routine. Stimulable sounds display a readiness for ther-
apy and the extent to which a sound is stimulable is a key factor in target selection.
Objective: To study the factors that might be associated clinically with the stimulability of the erred
sound(s) in common types of dyslalia in Arabic speaking children that may be helpful in determin-
ing the target sound in the therapy program.
Patients and methods: This study was conducted on 75 patients complaining of the inability to utter
certain sounds correctly; they were divided into three equal groups; Group 1 (Sigmatism group);
Group 2 (Back-to-Front Displacement group) and Group 3 (Rhotacism group). Stimulability test
was applied for the erred phoneme in isolation and syllables.
Results: The highest stimulability was observed in the Sigmatism group followed by Back-to-Front
Displacement group, while the Rhotacism group showed the least stimulability score. Unvoiced
sounds were more stimulable than their voiced counterpart sounds. The initial position of the pho-
neme showed the highest stimulability followed by the middle position and lastly the ﬁnal position.
A highly signiﬁcant correlation was detected between stimulability at the syllable with prevocalic
position and stimulability at isolated sound.Ear, Nose, Throat and Allied
evier B.V. All rights reserved.
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sounds. Sigmatism and prevocalic position showed the highest stimulability.
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The acquisition of speech sounds can be viewed as a process
that extends from the cooing vocalization to more sophisti-
cated speech parent language. The age of phonetic mastery
varies across children and across sounds.1 Articulatory
description based on the manner (how a sound is made) and
place (where in the vocal tract a sound is made) of consonants,
frequency of occurrence, and typical age of mastery for the
sound.1 Dyslalia is deﬁned as defective articulation due to
faulty learning or to abnormality of the external speech organs
and not to lesions of the central or peripheral nervous system.
The traditional system for classifying articulation disorders de-
scribes the nature of misarticulations, that is, how particular
phonemes are misarticulated. The types of errors include;
omission, substitution and distortion.2
Deﬁcient articulation and phonology result in impaired
communication.3 The severity of speech sound disorders
ranges from mild (e.g. distortion of a single sound such as /
s/ or /r/) to severe (multiple errors that interfere with speech
intelligibility and effectiveness of communication).1 Even mild
articulatory disorders result in negative attitudes from peers
toward persons with one or more misarticulation.3
Stimulability refers to the student’s ability to produce a cor-
rect or improved production of the erred sound given oral and
visual modeling.4 Testing of stimulability requires the client to
imitate the clinician producing the phonemes that were misar-
ticulated during articulation testing. It demonstrates the cli-
ent’s ability to produce sound in a highly supportive
condition.5 Imitation may be of the phoneme in isolation, in
syllables, in words and/or in sentences.3
The assessment of stimulability provides important prog-
nostic information. Moreover, those behaviors that are most
easily stimulated can provide excellent starting points for inter-
vention. They often lead to intervention success quicker than
other, less stimulable behaviors.4,6
Some formal articulation and phonological tests include
sections for stimulability testing; however, if it is not included
in the tests given, stimulability should be informally tested be-
cause it provides valuable information.3 To the best of our
knowledge, no previous study was done to evaluate these fac-
tors affecting stimulability of erred sounds in Arabic speaking
children with articulation disorders. The objective of this study
was to study the factors that might be associated clinically with
the stimulability of the erred sound(s) in common types of
dyslalia in Arabic speaking children, that may be helpful in
determining the target sound in the therapy program.
2. Patients and methods
This study was conducted on 75 patients complaining of the
inability to utter certain sounds correctly. The subjects were
49 males and 26 females. Their age ranged from 5 years
8 months to 8 years 3 months with a mean age of 6 years5 months ± (1 year 3 months). They were divided into three
groups; Group 1 (Sigmatism group; dyslalia in /s/ and /z/
sounds); Group 2 (Back-to-Front Displacement group; dysla-
lia in /k/ and /g/ sounds) and Group 3 (Rhotacism group;
dyslalia in /r/ sound). Each group included 25 subjects.
All the patients were subjected to the following:
[1] Thorough history taking to exclude any history of lan-
guage delay.
[2] Language assessment using Arabic Language Test.7
[3] Articulation test.8
[4] Vocal tract examination to exclude any organic cause.
[5] Audiological evaluation to exclude any hearing
problem.
[6] Psychometric evaluation to conﬁrm normal mental abil-
ities using Standford–Binnet Intelligence Scale.9
[7] Assessment of stimulability.
2.1. Application of stimulability test
Powell et al.10 modiﬁcation of the Carter and Buck11 Nonsense
Syllable Task was used to assess stimulability on a sound-by-
sound basis. The stimulability test was applied for the erred
phonemes in isolation level and in the syllable level (non-sense
syllables). The total number of responses for each phoneme
was 10 (one in isolation and 9 at the syllable level; prevocalic,
intervocalic and postvocalic positions in the context of three
vowels (/i/, /A/, /u/) in each position.
2.2. Speciﬁc clinical considerations during assessment of
stimulability
 The test is administered to the child in a quiet and familiar
clinical setting.
 The clinician and the child set facing each other at an equal
eye level.
 The child is asked to watch, listen and say what the clinician
says.
 The examiner’s right hand pointed to his/her mouth to
encourage the child to focus on the visual aspects of the
productions and to promote attentiveness.
 After the stimulus presentation, the examiner pointed to the
child to encourage immediate production.
 Model the production of each selected phoneme and ask the
child to imitate. Begin in isolation then nonsense syllables
(prevocalic, intervocalic and postvocalic positions).
2.3. Stimulability scoring
For statistical purposes, a stimulability score was calculated
for one erred sound for each subject of each group (/s/ for
Table 1 Comparison of stimulability score and frequency among the three different groups: Group 1 = Sigmatism group, Group
2 = Back-to-Front Displacement group, Group 3 = Rhotacism group.
Variables Group 1 Group 2 Group 3 Sign. (p value)
ANOVA t-Test
Stimulability score 2.7 ± (2.5) 1.7 ± (2.4) 0.6 ± (1.3) <0.05* >0.05a
Mean ± (SD) <0.001b,**
<0.05c,*
Chi-square test
Frequency of stimulability 18 (72%) 13 (52%) 6 (24%) <0.05* >0.05a
No. (%) <0.05b,*
>0.05c
a Group 1 vs. Group 2.
b Group 1 vs. Group 3.
c Group 2 vs. Group 3.
* Signiﬁcant.
** Highly signiﬁcant.
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Chart 1 Distribution of subtypes of sigmatism in the stimulable
subjects of the Sigmatism group (n= 18).
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pressed as the total number of the correct responses (accept-
able productions) across the 10 items. These data were used
as a phoneme-speciﬁc stimulability measure. Subjects were
credited with being stimulable for sounds produced with at
least 10% accuracy during the Nonsense Syllable Task.10
2.4. Statistical analysis
The data were coded and entered using statistical package
SPSS version 12 for windows and statistically analyzed.
Descriptive statistics were done for continuous variables by
mean, standard deviation (±SD) and range; and for qualita-
tive data by number and percent. Student’s ‘‘t’’ test and ANO-
VA test were used to compare continuous variables. Chi-
square test was used to compare qualitative data. Correlation
matrix for two variables was done using Spearman Rank order
correlation (r) for nonparametric data. p-Value < 0.05 was
considered signiﬁcant.
3. Results
Assessment of stimulability in the three different groups
showed that the highest frequency of stimulability was ob-
served in Group 1 (Sigmatism group), followed by Group 2
(Back-to-Front Displacement group), with Group 3 (Rhota-
cism group) showing the least stimulability (18 (72%) subjects,
13 (52%) subjects and 6 (24%) subjects, respectively) (Table 1).
In Group 1, three subjects out of the 18 patients who were
stimulable for /s/ sound were stimulable for /z/ sound in addi-
tion to /s/ sound. Out of the 18 stimulable subjects for /s/
sound, the highest stimulability was shown in subjects with
interdental stigmatism; 12 (67%) subjects followed by lateral
stigmatism; 4 (22%) subjects and lastly pharyngeal stigmatism;
2 (11%) subjects (Chart 1).
In Group 2, four subjects out of the 13 patients who were
stimulable for /k/ sound were stimulable for /g/ sound in addi-
tion to /k/ sound.
In Group 3, four subjects (67%) out of the six stimulable
subjects for /r/ sound had an error in /r/ sound productionin the form of substitution by /l/ sound. Meanwhile, the other
two subjects (33%) had error in /r/ sound production in the
form of substitution by /j/ sound (Chart 2).
A signiﬁcant difference (p< 0.05) was detected regarding
the frequency of stimulability and the mean stimulability
scores across the three groups (Table 1). On comparison to
the Sigmatism group, Back-to-Front Displacement group
showed no signiﬁcant frequency or stimulability score differ-
ences, (p> 0.05), while the Rhotacism group showed signiﬁ-
cantly higher frequency of stimulability (p< 0.05) and
highly signiﬁcant higher stimulability score (p< 0.001). Mean-
while, Rhotacism group showed signiﬁcantly higher stimulabil-
ity score (p< 0.05) and a tendency to be stimulable in a higher
frequency of children than the group with Back-to-Front Dis-
placement group (p= 0.079) (Table 1).
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Chart 2 Distribution of subtypes of rhotacism in the stimulable
subjects of Rhotacism group (n= 6).
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Chart 3 Frequency of stimulability of the syllable level at
different positions of the erred sounds in the whole cohort subjects
(n= 75).
Table 2 Correlations between the stimulability of the erred sounds a
stimulability at the isolated sound level in all patients (n= 75).
Correlation variables Initial position of the
phoneme
r p
Stimulability at isolated
sound level
0.49 <0.001
64 H. Ghandour, F.-A. KaddahThe ability to stimulate the phoneme in the syllable level
varied according to the position of the phoneme among the
whole cohort subjects (n= 75). The highest stimulability was
observed in the prevocalic (initial) position of the phoneme
25 (33%) subjects followed by the intervocalic (middle) posi-
tion in 10 (13%) subjects and lastly the postvocalic (ﬁnal) po-
sition in 6 (8%) subjects (Chart 3). There was a highly
signiﬁcant correlation (p< 0.001) between stimulability at
the initial position and stimulability at isolated sound
(r= 0.49) in all patients of the 3 studied groups. Meanwhile,
both the middle position and the ﬁnal position showed no sig-
niﬁcant correlation (p> 0.05) with the stimulability at isolated
sounds (r= 0.17 and 0.12 respectively) (Table 2).
4. Discussion
Recent research in the treatment of speech sound disorders has
focused primarily on how to select target speech sounds,12 and
relied heavily on traditional practices of speech sound elicita-
tion that build on imitation abilities.13 It appears that many
of the respondents gather the type of information that would
be useful for intervention planning, including documenting a
phonetic inventory, describing error patterns, and assessing
stimulability. It also seems reasonable to assume that through-
out the intervention process, clinicians update the status of the
child’s sound system by noting changes in the phonetic inven-
tory, types of error patterns, and stimulability.14 Many clini-
cians have postulated that erred sounds that can be
produced through imitation are more rapidly corrected
through intervention than sounds that cannot be imitated.
Information regarding speech sound-speciﬁc stimulability is
typically used in the treatment target selection process.15 The
assessment of stimulability provides information about the cli-
ent’s articulation abilities and is used for determining progno-
sis and for planning treatment.16,17 For children with multiple
phonological errors, target selection is important, because ini-
tial success achieved, enhances the progress through the ther-
apy program.18 So determination of the most stimulable
sound and the easier position for the sound to be stimulable
is crucial in the management plan.
The current study showed that the type of articulation error
would affect the stimulability with a signiﬁcant difference of
the stimulability scores and the frequency of children who were
stimulable among the three studied groups. Sigmatism showed
the highest frequency of stimulability followed by Back-to-
Front Displacement and lastly, Rhotacism. The ﬁnding that
the least stimulability was detected in the group of rhotacism
could be primarily explained upon the phonemic complexity
as misarticulation of /r/ is still considered one of the most dif-t the different positions of the phonemes in the syllable level and the
Middle position of the
phoneme
Final position of the
phoneme
r p r p
0.17 >0.05 0.12 >0.05
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errors.19,20 Secondly, upon the consideration of order of differ-
ent phoneme acquisition, /r/ sound would be acquired at a la-
ter age in comparison to other assessed sounds. Thirdly, /r/
sound is relatively independent from other sounds.10 More-
over, it has a special place of articulation that is either retroﬂex
or bunched,21 and the manner of articulation and the voicing
criterion of the /r/ sound, being a voiced liquid. In addition,
the distinctive shape and location of the constriction of the vo-
cal tract indicated for utterance of /r/ sound, either trilled or
tapped as reported by Sidhom.21 All of these factors might
help to explain the least prevalence of stimulability among
the Rhotacism group.
The Rhotacism group had also the lowest stimulability
score that was highly signiﬁcant lower than the Sigmatism
group and signiﬁcantly lower than the Back-to-Front Dis-
placement group in this study. These ﬁndings could be ex-
plained as the /r/ phoneme is a unique sound. It’s
overwhelmingly categorized and treated like a consonant.
However, the phoneme /r/ has allophones that may be consid-
ered consonantal forms and others that are considered vocalic
in nature,22 and in the post-vocalic position, when /r/ comes
after a vowel (after a, e, i, o, u), it takes on vocalic properties.
This phenomenon is recognized as a unique subset known as
vocalic r, vowel r or r-controlled vowel.23
Our group with sigmatism showed higher frequency of
stimulability than the group with back-to-front displacement.
It is suggested that place of articulation of the sound may alter
the ability of the child to correct the erred sound. Therefore,
the group of sigmatism showed the highest ability to correct
the erred sound in comparison to the other two groups in this
study. It should be highlighted that two thirds of the 18 chil-
dren who were stimulable for /s/ sound had interdental sigma-
tism, which seemed to be corrected with visual modeling easier
than the other subtypes of sigmatism. It is assumed that the
subjects with sigmatism might be aided by oral and visual
modeling for the frontally (alveolar) uttered /s/ sound that
guided them to be more stimulable than the posterior uttered
(velar) /k/ sound.
Phoneme /s/ showed higher a stimulabililty score than pho-
neme /k/, although this did not gain statistical signiﬁcance in
this study. Our ﬁnding could be supported by the results of By-
rne and Fielding-Barnsley,24 where it was easier to teach chil-
dren about phoneme identity with fricatives than with stops.
This ﬁnding might be explained as stop consonants, such as /
k/ and /g/, are pronounced by obstructing the ﬂow of air
through the mouth and then abruptly releasing the obstruc-
tion. With fricatives, the airstream is only partly blocked. Be-
cause of the way in which they are produced, fricatives can be
pronounced in isolation. One can pronounce /s/ without a vo-
wel, for example. Stop consonants cannot be held; /k/, for in-
stance, must always be followed by a vowel.25 Other
comparisons of stops and fricatives have tended to ﬁnd superi-
ority for fricatives, at least at the beginning of words.26
The fact that fricatives can be pronounced in isolation may
make it easier for children to identify them as separate units. In
addition, the acoustic representation of a stop consonant may
vary to a large extent depending on the nature of the following
phoneme.25 Meanwhile, the acoustic representations of fric-
atives as /s/ may be more constant from one context to another
than those of stops.27 This could make it easier for children to
grasp the concept of phonemic identity for fricatives. Thesefacts might support our ﬁnding of having the highest stimula-
bility score in the Sigmatism group in contrast to the other two
groups.
Conclusively, it is suggested that the distinctions in oral
cavity features (/s/ coronal vs. /k/ dorsal) in addition to the dif-
ferent manner of articulation (/s/ fricative vs. /k/ stop) with
fricative being easier pronounced in isolation might induce a
more salient effect on being more stimulable at both the sound
level and the syllable level, resulting in a higher stimulability
score for the Sigmatism group. It is suggested that, the higher
the stimulability score, the more favorable the prognosis for
improvement, the more rapid rate of improvement, or even
the spontaneous correction of misarticulation.3 However, pre-
vious research reported that /s/ appears rather late in chil-
dren’s inventories, and it might be inferred that correct
production of this fricative requires articulatory maturity.28
Regarding the superiority of being stimulable for the un-
voiced phonemes (/s/ or /k/) more than their voiced counter-
part phonemes (/z/ or /g/), we found that few children out of
the stimulable subjects, were stimulable to both the unvoiced
phoneme and its voiced counterpart sound. Meanwhile, the
remaining children who were stimulable to the unvoiced pho-
neme (/s/ or /k/), had confusions to be stimulable for the
voiced counterpart phoneme (/z/ or /g/). For example, children
sometimes reported /k/ and /kA/in place of /g/ and /gA/. This
could be explained according to different voicing characters
of assessed sound, with the /z/ and /g/ sound being voiced
sounds, seemed to be less stimulable than the unvoiced coun-
terpart sounds (/s/ and /k/). Voicing appears to play a special
role in children’s phonological systems, with phonemes that
are alike in all respects except voicing being close in phonolog-
ical space and hence likely to be confused.25
Regarding the stimulability of /r/ sound, it was easier to
achieve it for subjects originally substituting /r/ by /l/ in 4 sub-
jects in contract to 2 subjects who were replacing it by /j/. This
ﬁnding might be assumed to the fact that both the lateral
sound /l/ and the rhotic sound /r/ are liquids.21 Both /r/ and
/l/ sounds are indicating an upward elevation of the tip of
the tongue with further placement of it more anterior (alveo-
lar) for the /l/ sound than the /r/ sound (palatal).
The across-position variation could be assumed to alter the
stimulability ﬁndings according to the different positions of the
phoneme in the nonsense syllables in all subjects of this study
as it was likely supposed to inhibit learning and generalization
from one word position to another.28 This study showed that
the position of utterance of the erred sound altered the stimu-
lability abilities in the whole cohort group with the highest fre-
quency of stimulability in the prevocalic position followed by
the intervocalic and the postvocalic positions.
Stimulability at isolated sound level was signiﬁcantly corre-
lated with stimulability of the erred sounds at the initial posi-
tion, rather than the mid and the ﬁnal positions in the whole
cohort children of this study regardless of the types of the erred
sounds. This ﬁnding is reasonable as the prevocalic position
task would be considered the closest task to the isolated sound.
This ﬁnding might be supported by the study of Gregory,29
where it was hypothesized that children who were stimulable
would have a higher percentage of correct productions in the
word initial position during the combined spontaneous speech
sample and the articulation testing, whereas for the children
who were not stimulable, the percentages would be lower for
initial position production.
66 H. Ghandour, F.-A. KaddahAbility of young children to imitate phonemes correctly has
been used to suggest favorable probability for spontaneously
outgrowing the misarticulation.3,17 Conversely, sounds that
are not stimulable are least likely to change without direct
treatment.16 Additionally stimulability scores have been used
in selecting target sounds for treatment and in determining
at what level to begin treatment, such as isolation, nonsense
syllable, and words. With the exception of [r], treatment of
non-stimulable sounds generally did not require more trials
than stimulable sounds.10 Treatment of non-stimulable sounds
has been shown to promote accurate production of non-stimu-
lable and stimulable sounds, where as treatment of stimulable
sounds extended accuracy only to stimulable sounds.10,30,31
However, stimulable sounds are likely to improve without di-
rect treatment.10
Meanwhile, some have argued that it is preferable to teach
stimulable sounds over non-stimulable sounds because of a
presumed difference in treatment duration.32 It was reported
that outcomes were generally better when stimulable targets
were treated.33 It is advised to select target sounds that are
not stimulable in a linguistic-based approach for subjects with
speech sound disorders and coexisting problems in other com-
ponents of language. Meanwhile, it is recommended to target
stimulable sounds in a motor skill-learning paradigm for a
phonetic (motor) based approach, which will then be incorpo-
rated into various contextual levels through practice.34
It could be concluded from this study that, assessment of
stimulability of erred sound could be altered by the type of
the erred sounds in general, with the sigmatism being more sti-
mulable, followed by back-to-front displacement and lastly
Rhotacism. Also, unvoiced phonemes were more stimulable
than their voiced counterpart phonemes. Moreover, the posi-
tion of the erred sound, despite of its type would alter the
child’s ability to correct the erred sound, with the initial posi-
tion being more stimulable than the mid and the ﬁnal
positions.5. Recommendations and implication on further therapy strategy
Assessment of stimulability could have certain impacts on
the selection of further intervention program of target
sounds. This research highlights that if certain types of pho-
nemes are especially easy to access, then it would make
sense to begin speech therapy with these phonemes. Also,
if initial position of the phoneme carried the highest fre-
quency to access the correction of such phoneme following
correction at the sound level, it would be recommended to
start training therapy following the same steps. Depending
on the level of stimulability of the sound in error, produc-
tion training could begin by establishing correct production
of the sound in isolation, syllables then words, phrases and
sentences as recommended by Ristuccia and Aldridge.22 Pro-
grams are, therefore, needed to be well designed. We suggest
that it may not be necessary to avoid stop consonants dur-
ing the initial phases of therapy except if the child was less
stimulable to them. However, it may be important to keep
voiced and voiceless consonants separate at ﬁrst. Further re-
searches on impact of stimulability on selection and progress
of rehabilitation of different treated targets are also
recommended.Appendix A. Stimulability worksheet
Name: Age:
Date: Examiner:
Instructions: Circle each sound checked for stimulability.
Record results under the appropriate category using a check
(U) or plus (+) for success and zero (0) or minus () for
failure.
Phoneme Sound
level
Syllable level Stimulability
score
Initial Middle Final
#A #i #u A#A i#i u#u A# i# u#
/s/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
/z/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
/k/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
/g/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
/r/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .References
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